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NEW  METHOD  OF  DETERMINING  THE  CURRENT  CARRIER  CONCENTRATION  IN  A 
SUBSTANCE  IN  THE  STATE  OF  SUPERCONDUCTIVITY 

F.  P.  Golotyuk 


This  report  proposes  a  fundamentally  new  solution  to  the  problem 
of  determining  the  current  carrier  concentration  in  a  substance.  The 
basis  of  the  corresponding  experimental  method  is  a  theory  which 
considers  the  electron  drift  energy  when  considering  the  oscillatory 

c 

processes  in  certain  circuits  [1}.  ^ 

I 

We  will  consider  a  circuit  in  which  external  voltage  which 
varies  according  to  the  law  U  -Umcotmt  acts. 

When  considering  the  drift  energy  of  the  current  carriers  [1], 
the  differential  equation  which  describes  the  oscillatory  process  in 
a  circuit  with  elements  R,  L,  C  has  the  form: 

Here  q  is  the  charge  on  the  capacitor  plates,  Un  is  the  amplitude  of 
the  applied  voltage, 

ZLU+JO  ’  "  L(lix)C  *  (2) 


in  formula  (2)  is  equal  to  the  ratio  of  the  carrier  drift  energy 


1 


to  the  magnetic  field  energy  of  the  latter,  and  it  is  determined  by 
the  expression  [1] 


mR 


9 


(3) 


where  m,  qo  and  n0  are  the  mass,  charge  and  concentration  of  current 
carriers  in  the  conductor  from  which  the  inductance  is  made;  l  ,  S 
and  j)  are  the  length,  cross  section  and  specific  electric  resistance 
of  the  conductor.  The  solution  of  equation  (1)  makes  it  possible  to 
obtain  the  relationship 


c 

in  which  a^--r  is  the  amplitude  value  of  the  voltage  on  the 
capacitor;  qm  is  the  maximum  charge  on  its  plates. 


If  we  make  the  inductance  of  the  circuit  from  the  conductor  con¬ 
sidered  above  in  the  form  of  a  solenoid  with  a  double-wound  winding, 
the  self  inductance  coefficient  LSi'O.  Then,  introducing  the  desig¬ 
nation 

mi  mR 

‘  ~  %9/s  nc%?  (5) 


and  changing  to  the  effective  voltage  values 


-iJss- 

V"  * 


iT 


we  will  rewrite  relationship  (M)  in  the  form 


Knowing  the  frequency  » the  voltage  acting  in  the  circuit,  the 
capacitance,  and  the  ohmic  resistance  of  the  circuit,  and  using  a 
vacuum  tube  voltmeter  to  determine  the  voltages  U***  and  U 0,9  . 

fff  * 


from  formula  (6)  we  can  determine  the  value  of  f  , after  which  we 
find  the  current  carrier  concentration  from  expression  (5).  Obviously, 
the  value  of  7  found  from  formula  (6)  will  considerably  exceed  the 
error  of  measurement  when  the  following  conditions  are  satisfied 

“T (8) 


As  an  example,  we  will  consider  the  possibility  of  realizing 
conditions  (7)  and  (8).  Assuming  that  the  solenoid  is  made  from 
copper  wire  of  length  t  -  1000  m,  with  a  cross  section  S  =  10"®  m2 
and  no  =  1029  (there  is  one  free  electron  per  atom  in  the  calcu¬ 
lation),  from  formula  (5)  we  obtain  f =  5*10"H  H.  With  a  voltage 
frequency  of  100  mHz  and  a  capacitor  capacitance  of  10"1*  F, 

~uCmliod'c^T 1  so  that  condition  (7)  can  actually  be  satisfied.  Con¬ 
sidering  that  ,  and  also  relationship  (5>,  we  will  rewrite 

condition  (8)  in  the  form 


ft? 

T 


".fo 


(9) 


In  our  case,  the  numerical  calculation  gives  us  a?  n  4 • 1 0 1 9  Hz; 
therefore,  condition  (9)  cannot  be  realized.  Since  all  metals  have 
similar  values  of  ng  and  f  •  if  the  solenoid  is  made  from  other 
metal  conductors,  the  value  of  ft?  will  be  around  1 0 1 9  Hz  and  it  also 
is  impossible  to  satisfy  condition  (9).  But  when  the  conductor  is 
in  the  state  of  superconductivity  (R  =  0),  condition  (9)  is  satisfied. 


Thus,  the  method  in  question  of  determining  the  current  carrier 
concentration  in  a  substance  is  appropriate  when  this  substance  is 
in  the  superconducting  state. 
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